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Abstract

Objective: This prospective cohort study explored factors related to postoperative pain in gastric cancer patients.
Methods: A total of 236 patients who underwent gastrectomy were enrolled. All patients enrolled in the study
completed the Hospital Anxiety and Depression Scale (HADS) questionnaire and Life Orientation Test-Revised
(LOT-R) questionnaire on the day before surgery. Heat pain threshold (HPT), cold pain threshold (CPT) and
pressure pain threshold (PPT) were measured for all patients one day prior to surgery and demographic details
were collected. All patients were connected to a patient-controlled intravenous analgesia (PCIA) pump at the end of
the surgery. The occurrence of postoperative pain was used as a dependent variable, and multivariate logistic
regression analyses were conducted to screen for factors affecting postoperative pain.

Results: In total, 83 patients (35.2%) had postoperative pain. Body mass index (BMI) >28 kg/m’? [odds ratio
(OR): 2.67; 95% confidence interval (95% CI): 1.07-6.67], total gastrectomy (OR: 2.64; 95% CI: 1.42-4.91),
preoperative anxiety score >8 (OR: 2.37; 95% CI: 1.12-5.02), heat pain threshold <4.9 s (OR: 2.14; 95% CI:
1.06-4.32), pressure pain threshold <4 g (OR: 2.05; 95% CI: 1.05-4.03), and female gender (OR: 1.99; 95% CI:
1.04-3.83) were risk factors for postoperative pain.

Conclusions: Obesity, wide range of gastrectomy, high preoperative anxiety, low HPT and PPT, and female

gender are associated with increased risk for postoperative pain.
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Introduction

Pain is an unpleasant subjective experience that been
defined as the 5th vital sign (1). Postoperative pain
primarily occurs within the first 24—72 h after surgery. The
intensity of postoperative pain varies between individuals,
and poor pain management may increase postoperative
complications and influence rehabilitation (2). More
accurate prediction of patients’ postoperative pain would
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allow surgeons and anesthesiologists to preoperatively
prepare improved analgesic plans for postoperative pain
management. Age, sex, psychological variables, education
level, type of surgery, and response to analgesics have all
been reported to influence postoperative pain. Recent
studies have revealed that dynamic interactions between
these complex factors can further affect postoperative
pain (2-4).

Studies have primarily focused on preoperative measure
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of pressure pain sensitivity (5,6) and heat or cold pain
threshold (7-10) to predict postoperative pain. However,
the association between preoperative pain thresholds and
postoperative pain remain controversial. Levels of anxiety
and depression have also been positively correlated with
postoperative and chronic pain (11,12), and preoperative
anxiety influences acute postoperative pain in children (13).
Conversely, other studies have reported inconsistent results
in terms of the relationship between anxiety level and
postoperative pain (14,15).

The aim of this prospective cohort study was to explore
factors related to postoperative pain in gastric cancer
patients, with a focus on the relationships between heat,
cold, and pressure pain thresholds, level of anxiety and
postoperative pain.

Materials and methods
Patients

The study was approved by the Ethics Committee at
Peking University Cancer Hospital & Institute (protocol
number 2019Y]JZ22) and registered at Chinese Clinical
Trial Registry (registration No. ChiCTR 1900023080).
Written informed consent was obtained from all
participants. All methods were performed in accordance
with the relevant guidelines and regulations. The data sets
generated during the current study are available in the
http://www.medresman.org/login.aspx ~ (No.  ChiCTR-
1900023080).

Consecutive patients with gastric cancer, aged 18-80
years, with an American Society of Anesthesiologists (ASA)
physical status of grade I-II1, scheduled for gastrectomy at
Peking University Cancer Hospital from May 2019 to
September 2019, were enrolled in the study. Exclusion
criteria included: 1) repeated gastrectomy and conjoined
surgery; 2) multiple primary malignant tumors; 3) current
and chronic use of analgesics, psychotropic medications,
hormones, or non-steroidal anti-inflammatories; 4) history
of chronic pain, schizophrenia, epilepsy, or severe
dementia; 5) hepatorenal dysfunction; or 6) unable to
complete preoperative assessment due to severe dementia
or language barrier.

Preoperative data collection

Demographic details including sex, age, smoking and
drinking history, body mass index (BMI), education level
and the grade of ASA physical status were collected.
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Patients were asked to complete the Hospital Anxiety and
Depression Scale (HADS) questionnaire (16,17) and the
Life Orientation Test-Revised (LOT-R) questionnaire on
the day before surgery (18). The HADS questionnaire
consists of 14 items comprised of 2 subscales (anxiety and
depression) with 7 items per subscale related to anxiety or
depression. The total score for each subscale ranges from 0
to 21, with scores between 0 and 7 indicating a normal state
and scores higher than 8 indicating a state of elevated
anxiety or depression (16,17). The LOT-R questionnaire
consists of 3 positive and 3 negative items to be rated on a
S-point scale ranging from 0 (strongly disagree) to 4
(strongly agree), with higher scores representing higher
levels of optimism (18).

Measurement of pressure pain threshold (PPT)

The pain threshold of pressure pain stimuli was assessed as
previously described (19). Subjects were seated with their
eyes closed to avoid visual feedback. Von Frey hairs of
different strengths (0.008, 0.02, 0.04, 0.07, 0.16, 0.4, 0.6, 1,
14, 2,4, 6,8, 10, 15, 26, 60, 100, 180, 300 g; Aesthesio®,
UgoBasile, Comerio, Italy) were placed on the palmar skin
of the forearm and bent slightly to apply pressure. Subjects
had to give a clear verbal signal of “yes” or “no” to indicate
whether the stimulus was painful. Each Von Frey hair was
used three times with an interval of 10 s each time. PPT
was defined as at least two of three stimuli causing pain,
and the weight of Von Frey hair was recorded as the PPT.

Measurement of cold pain threshold (CPT)

CPT was assessed as previously described (10) using a
temperature-controlled water bath with a maximum
temperature variance of 0.5 °C (TAWA Q-18, Beijing,
China). Subjects placed their non-dominant hand in the
cold water bath (5 °C) with their fingers spread apart and
without touching the bath wall. They were asked to keep
their hands still in the water as long as possible. CPT was
defined as the time (s) when the subject began to feel pain,
with 60 s set as the maximum to ensure safety.

Measurement of beat pain threshold (HPT)

HPT was assessed as previously described (8) using a
computer-controlled thermostat (YOONING GH-100,
Hangzhou, China). Study subjects placed the thenar
eminence of their non-dominant hand on a 10x7.5 cm
metal plate that was maintained at 47.5+0.1 °C. Subjects
were asked to keep their hand on the metal plate as long as
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possible. HPT was defined as the time (s) when the subject
could not keep their hand on the metal plate, with 60 s set
as the maximum to ensure safety. Three consecutive tests
with an interval of 10 s were conducted to determine the
HPT. All pain threshold measurements were performed
one day prior to surgery.

Anestbetic and analgesic techniques

All patients received general anesthesia induced by 2 mg/kg
of intravenous propofol, 0.4 pg/kg of intravenous sufentanil
and 0.2 mg/kg of intravenous cisatracurium. Anesthesia was
maintained  with  inhalation of sevoflurane and
intravenously administered remifentanil and propofol.
Bispectralindex (BIS) was kept between 40 and 60 and 10 pg
of intravenous sufentanil was administered 30 mins before
the end of surgery.

At the end of surgery, all patients were connected to a
patient-controlled intravenous analgesia (PCIA) containing
sufentanil (3 pg/kg), tropisetron (10 mg), and
dexmedetomidine (0.1 mg), in 100 mL of 0.9% sodium
chloride solution. The PCIA pump was programmed to
deliver a loading dose of 2 mL, a background dose of
1 mL/h, and a bolus dose of 2 mL with a lockout time of
10 min and a one-hour limit of 13 mL. The operation type,
operative duration, range of gastrectomy, blood loss, and
transfusion volume were recorded.

Postoperative data collection

Postoperative pain was assessed using the Numerical
Rating Scale (NRS) ranging from 0 to 10 (0=no pain;
10=the worst imaginable pain). Sufentanil (0.1 pg/kg) was
given by the anesthesiologist to achieve an NRS score <3
prior to leaving the post-anesthesia care unit. If the NRS
score >3, sufentanil (0.1 pg/kg) was given repeatedly in at
least 15 mins intervals until an NRS score <3 was achieved.
The postoperative visit was performed by the same
researcher. Additional analgesic drugs were used by surgery
whenever the NRS score remained >3 after pressing the
PCIA pump. After leaving the post-anesthesia care unit,
patient NRS scores were recorded every 24 h and PCIA
pump pressing times and the use of any additional analgesic
drugs were recorded until the PCIA pump was removed.
Postoperative pain score was defined as the highest NRS
score recorded during this time.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics
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(Version 22.0; IBM Corp., New York, USA). Continuous
variables with normal distribution are presented as x=s.
Non-normal  variables are presented as median
(interquartile range), and categorical variable data are
presented as percentage (%). The occurrence of
postoperative pain was determined by the postoperative
pain score and Youden’s index of the receiver operating
characteristic (ROC) curve, with PCIA pump pressing
times as a test variable and postoperative pain score >3 as a
state variable.

Multivariate logistic regression analysis was used to
assess the relationship between postoperative pain and
potential risk factors, with the occurrence of postoperative
pain as a dependent variable. Independent variables were
selected based on the literature, clinically validated models
of the phenomenon being studied, and univariate logistic
regression analysis. Variables with P<0.5 in univariate
logistic regression analysis were subjected to multivariate
logistic regression modeling. Gender, BMI, tobacco use,
education level, operation type, range of gastrectomy,
operative duration, preoperative anxiety score, preoperative
depression score, LOT-R score, HPT, CPT and PPT were
included as independent variables. HPT, CPT and PPT
values were separated into two categories by interquartile
range in the univariate or multivariate logistic regression
modeling. Multivariate logistic regression modeling
according to gender was used to further analyze
relationships between postoperative pain and potential risk
factors. A two-sided P value of <0.05 was the statistical

significance level.

Results
General information

Among the total 251 patients enrolled, 15 dropped out, and
236 completed the study and were included in the statistical
analysis. Demographic characteristics and perioperative
factors of patients that completed the study are summarized
in Table 1.

Postoperative pain

Based on the ROC curve (Youden’s index=21.5; area under
curve=0.78), the occurrence of postoperative pain was
defined as postoperative pain score >3 or PCIA pump
pressing times >21 or the usage of additional analgesic
drugs during a PCIA pump usage, as shown in Table 2.
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Table 1 Demographic characteristics and perioperative factors of
patients (N=236)

Variables n (%)

Age (x+s) (year) 60.31+9.93
Gender: Female 70 (29.7)
BMI (xts) (kg/m2) 23.52+3.20
Smoking 79 (33.5)
Drinking 52 (22.0)
Education level [median (IQR)] (year) 12 (9-15)
ASA grade
| 21 (8.9)
Il 211 (89.4)
11l 4(1.7)
Preoperative complications
Coronary heart disease 14 (5.9)
Hypertension 72 (30.5)
Arrhythmia 30 (12.7)
Pulmonary disease” 15 (6.4)
Diabetes 30 (12.7)
Cerebral disease™ 11 (4.7)
am e ectoss 145
Operation type
Laparoscopic gastrectomy 89 (37.7)
Open gastrectomy 147 (62.3)
Range of gastrectomy
Total gastrectomy 79 (33.5)
Distal or proximal gastrectomy 157 (66.5)

Operative duration [median (IQR)] (min)

Blood loss (x%s) (mL)

188 (160—224)
78.39+62.73
1,670.13+384.61
646.61+256.05

Crystal liquid volume (x+s) (mL)
Colloidal fluid volume (x<s) (mL)

Preoperative anxiety score (v=+s) 3.74+3.72
Preoperative depression score (x=+s) 3.40+3.21
LOT-R score (x=*s) 6.91+3.83

Preoperative pain threshold
PPT [median (IQR)] (9)
CPT (s) 10.85 (6.70-18.42)

HPT (s) 7.85 (4.90-20.00)

BMI, body mass index; ASA, American Society of Anesthesi-
ologists; LOT-R, Life Orientation Test-Revised; PPT, pressure
pain threshold; CPT, cold pain threshold; HPT, heat pain
threshold; *, pulmonary diseases include COPD, chronic
bronchitis, emphysema, bullae, and old pulmonary tuberculosis; *,
cerebral diseases include old cerebral infarction, transient
cerebral ischemia, and old cerebral hemorrhage.

6.00 (4.00-8.00)
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Univariate and multivariate logistic regression analyses of
postoperative pain

Univariate analysis indicated that HPT<4.9 s [odd ratio
(OR)=2.95], preoperative anxiety score >8 (OR=2.88),
PPT<4 g (OR=2.68), total gastrectomy (OR=2.13), female
gender (OR=2.07) and CPT<6.7 s (OR=2.00) were risk
factors for postoperative pain, as shown in Table 3.
Multivariate analysis with logistic regression indicated that
BMI>28 kg/m? (OR=2.67), total gastrectomy (OR=2.64),
preoperative anxiety score >8 (OR=2.37), HPT<4.9 s
(OR=2.14), PPT<4 g (OR=2.05), and female gender
(OR=1.99) were risk factors for postoperative pain, as
shown in Table 4. ROC curve of multivariable regression
analysis resulted in an area under curve of 0.728 (Figure 1).

Multivariate logistic regression analyses of postoperative
pain in males or females

Multivariate analysis with logistic regression indicated that
total gastrectomy (OR=2.40), preoperative anxiety score >8
(OR=4.31), and HPT<4.9 s (OR=3.01) were risk factors for
postoperative pain in males (Table 5), while total
gastrectomy (OR=5.92) and pressure pain threshold <4 g
(OR=5.02) were risk factors for postoperative pain in
females (Table 5).

Discussion

Our study results indicate a higher incidence of
postoperative pain in females (OR=1.99). This is consistent
with results from Vallerand ef al. in which females
demonstrated greater sensitivity to experimental noxious
stimulation and showed lower pain threshold and tolerance
(20). Hormonal variations during the menstrual cycle can
also alter pain sensitivity, and females have lower pain
thresholds peri-ovulatory,
premenstrual phases than during the follicular phase (21).
Reduced adrenocortical activity is also associated with high

during  the luteal, and

pain sensitivity, and contributes to lower cortisol levels in

Table 2 Postoperative pain condition of all patients (N=236)

Postoperative condition n (%)

Postoperative pain score >3 62 (26.3)
PCIA press times [median (IQR)] 6 (2-16)
Usage of additional analgesic drugs 66 (28.0)
Occurrence of postoperative pain 83 (35.2)

PCIA, patient-controlled intravenous analgesia; I1QR,
interquartile range.

WWW.cjcren.org Chin J Cancer Res 2021;33(3):343-351



Chinese Journal of Cancer Research, Vol 33, No 3 June 2021 347

Table 3 Univariate analysis of risk factors for postoperative pain

Univariate analysis

Variables No. Occurrence of postoperative pain [n (%)]
OR (95% CI) P
Age (year) 0.643
>65 90 31 (34.4) Reference
<65 146 52 (35.6) 1.14 (0.66-1.98)
Gender 0.013
Male 166 50 (30.1) Reference
Female 70 33 (47.1) 2.07 (1.17-3.68)
BMI (kg/m2) 0.113
>28 24 12 (50.0) 1.99 (0.85-4.64)
<28 212 71 (33.5) Reference
Smoking 0.096
Yes 79 22 (27.8) 0.61 (0.34-1.09)
No 157 61 (38.9) Reference
Drinking 0.924
Yes 52 18 (34.6) 0.97 (0.51-1.85)
No 184 65 (35.3) Reference
Education level - - 1.04 (0.96-1.11) 0.340
Operation type 0.448
Open gastrectomy 147 49 (33.3) 0.81 (0.47-1.40)
Laparoscopic gastrectomy 89 34 (38.2) Reference
Range of gastrectomy 0.008
Total gastrectomy 79 37 (46.8) 2.13 (1.21-3.72)
Distal or proximal gastrectomy 157 46 (29.3) Reference
Operative duration - - 1.00 (0.99-1.01) 0.310
Preoperative anxiety score 0.003
=8 41 23 (56.1) 2.88 (1.45-5.72)
<8 195 60 (30.8) Reference
Preoperative depression score 0.185
=8 23 11 (47.8) 1.80 (0.76-4.27)
<8 213 72 (33.8) Reference
LOT-R score - - 0.95 (0.89-1.02) 0.152
PPT (g) 0.001
<4 70 36 (51.4) 2.68 (1.51-4.78)
>4 166 47 (28.3) Reference
CPT (s) 0.024
<6.7 59 28 (47.5) 2.00 (1.10-3.66)
>6.7 177 55 (31.1) Reference
HPT (s) <0.001
<4.9 61 33 (54.1) 2.95 (1.62-5.37)
>4.9 175 50 (28.6) Reference

BMI, body mass index; LOT-R, Life Orientation Test-Revised; OR, odds ratio; 95% Cl, 95% confidence interval; PPT, pressure pain
threshold; CPT, cold pain threshold; HPT, heat pain threshold.
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Table 4 Multivariate analysis of risk factors for postoperative pain

Variables OR (95% CI) P

Female 1.99 (1.04-3.83) 0.039
BMI>28 (kg/m?) 2.67 (1.07-6.67) 0.036
Smoking 0.72 (0.35-1.49) 0.376
Open gastrectomy 0.90 (0.48-1.67) 0.733
Total gastrectomy 2.64 (1.42-4.91) 0.002
Preoperative anxiety score =8 2.37 (1.12-5.02) 0.024
Preoperative depression score >8 0.69 (0.21-2.28) 0.541
PPT<4 () 2.05 (1.05-4.03) 0.037
CPT=<6.7 (s) 1.10 (0.52-2.31) 0.805
HPT=<4.9 (s) 2.14 (1.06-4.32) 0.034

BMI, body mass index; OR, odds ratio; 95% Cl, 95% confidence interval; PPT, pressure pain threshold; CPT, cold pain threshold;

HPT, heat pain threshold.

1.0

Sensitivity

L L
0 0.2 0.4 0.6 0.8 1.0

False positive rate

Figure 1 ROC curve of multivariable regression analysis. ROC,

receiver operating characteristic.

females than in males after exposure to traumatic
stimuli (22).

Our results also indicate that obese patients are more
susceptible to postoperative pain than non-obese patients.
This is consistent with studies from Campbell and
Majchrzak suggesting that overweight individuals
experienced more pain than those with normal BMI after
total joint arthroplasty (23), thoracotomy, or thoracoscopic
radical lung cancer surgery (24). Systemic inflammation
due to increased release of inflammatory mediators by
macrophages may contribute to a higher incidence of

postoperative pain in obese patients (25).

© Chinese Journal of Cancer Research. All rights reserved.

Our study shows that gastric cancer patients with lower
heat pain thresholds and lower pressure pain thresholds are
more likely to experience postoperative pain. Notably, we
report that low PPT is associated with more postoperative
pain than low HPT in female patients, while low HPT is
associated with more postoperative pain than low PPT in
males. Several other studies support preoperative HPT
measurement as a potential predictor of postoperative pain
intensity in patients (8-10). The relationship between PPT
and postoperative pain is less clear. PPT was significantly
correlated with postoperative pain levels in patients after
lower abdominal gynecologic surgery (6), but not after total
joint arthroplasty (5). While CPT has been identified as an
independent risk factor for postoperative pain after
laparoscopic cholecystectomy (10), our study found no
correlation between CPT and postoperative pain. Studies
in mice have shown that heat, cold, and mechanical
stimulation activate thermo- and mechano-specific neurons
diversely. Therefore, pain caused by heat, cold, or pressure
may transmit to different thalamus functional areas and
cortical circuits (26). This may in part explain why TPT
and HPT were predictive of postoperative pain in our
study, while CPT was not.

Patients with a preoperative anxiety score of >8 were at
increased higher risk for the occurrence of postoperative
pain, and this was especially true for males. Several studies
have reported a direct relationship between anxiety and
postoperative pain (11,13,27), while others have found that
a high probability of anxiety, depression, or other emotions
may indirectly affect the occurrence of postoperative pain
(28,29). In our study, the incidence of depression (9.7%)
was comparable to the overall prevalence of depression in
China (30). We did not observe a correlation between
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Table 5 Multivariate analysis of risk factors for postoperative pain in males and females

Variables OR (95% Cl) P
Males
BMI=28 (kg/m?2) 2.63 (0.94-7.37) 0.066
Total gastrectomy 2.40 (1.16-5.01) 0.019
Preoperative anxiety score =8 4.31 (1.54-12.04) 0.005
HPT=<4.9 (s) 3.01 (1.33-6.82) 0.008
Females
Total gastrectomy 5.92 (1.67-20.99) 0.003
PPT<4 (g) 5.02 (1.57-16.08) 0.004

BMI, body mass index; HPT, heat pain threshold; PPT, pressure pain threshold; OR, odds ratio; 95% ClI, 95% confidence interval.

depression score or LOT-R score with postoperative pain
in this study, consistent with previous reports (12).

We also observed that the incidence of postoperative
pain occurrence was higher after total gastrectomy than
after partial gastrectomy (OR=2.64). This may be due in
part to the wider range of gastrectomy, which can
potentially cause nerve and tissue damage resulting in
hyperalgesia of the peripheral nervous system and increased
postoperative pain (15,31).

Hermans et al. reported that the degree of education was
negatively correlated with pain thresholds and degree of
pain tolerance (32). Highly educated or high-income
patients are also less likely to tolerate a given health
condition and may thus show higher pain sensitivity (33).
In our study, however, we did not observe any correlation
between postoperative pain and education level.

Similarly, our study did not identify age as a predictor for
postoperative pain, consistent with a report from Rudin
et al. in tubal ligation patients (34). Studies from Europe
and America have suggested that younger people maybe
more likely to experience postoperative pain occurrence
(35,36). However, Healey et al. suggested that the
occurrence of postoperative pain was positively correlated
with age in patients undergoing gynecological endoscopic
surgery (37). Differences in the type of operation, the
impact of patient ethnic or cultural origins on reported
pain score, and opioid usage may account for these
discrepancies.

One potential limitation of our study is uneven gender
distribution due to the higher incidence of gastric cancer in
males (38). Thus, while our multivariate logistic regression
analyses identified differential factors related to
postoperative pain in the male and female subgroups, this
may be due to the limited number of female study
participants (n=70). Further enrollment of female gastric

© Chinese Journal of Cancer Research. All rights reserved.

cancer patients would provide more robust data for these
analyses.

Conclusions

Female gender, obesity (BMI>28 kg/m?), high levels of
preoperative anxiety, low pain threshold including pressure
pain threshold and heat pain threshold, and wide range of
the gastrectomy are correlated with increased occurrence of
postoperative pain in gastric cancer patients. Our
preliminary findings suggest that several demographic
characteristics and surgical factors influence acute
postoperative pain. The anesthesiologists should improve
analgesic plans on this kind of gastric cancer patients for
postoperative pain management.
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